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Biothreat AgentsBiothreat Agents
•• B. anthracisB. anthracis
•• Y. pestisY. pestis

•• Francisella tularensisFrancisella tularensis
•• Burkholderia mallei, pseudomalleiBurkholderia mallei, pseudomallei
•• Brucella melitensisBrucella melitensis, abortus, etc., abortus, etc.

•• E. coliE. coli O157:H7O157:H7
•• SalmonellaSalmonella



Molecular Microbial ForensicsMolecular Microbial Forensics

• Molecular Assays
• Reference Databases

– Population studies

• Real-life Validation Studies
• Models and Theory
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A genome is a A genome is a 
complex and complex and 
interesting interesting 

place to work.place to work.

Not all loci are Not all loci are 
created equal created equal 

for diagnostics.for diagnostics.
Genome MiningGenome Mining



High Resolution “DNA Fingerprinting”High Resolution “DNA Fingerprinting”

• Multiple-Locus VNTR Analysis (MLVA)
– High Discrimination markers – rapidly mutating.

• Single Nucleotide Polymorphisms (SNPs)
– Low Discrimination markers, but very stable!
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Evolutionary Scale
and Mutation Rate
Evolutionary ScaleEvolutionary Scale
and Mutation Rateand Mutation Rate
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Complex VNTRSComplex VNTRS SNPsSNPs



Tandemly Repeated 
Sequences

Tandemly Repeated Tandemly Repeated 
SequencesSequences

Genomic regions that vary greatlyGenomic regions that vary greatly
among worldwide isolates.among worldwide isolates.

VNTRVNTR



Genomic Tandem ArraysGenomic Tandem Arrays

E. coli K12

B. anthracis Ames

Y. pestis CO92



DNA Sequence EvolutionDNA Sequence Evolution

AA GG
Transversion

Mutations
Transversion

Mutations

Kimura 2-parameter model

CC TTTransition
Mutations
Transition
Mutations



Two Approaches to SNP Discovery:Two Approaches to SNP Discovery:

• Limited Discovery:
•Multiple-Locus Sequence Typing
Appropriate when diversity is high.

• Exhaustive Discovery:
•Whole Genome Sequencing
Appropriate when diversity is low.
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SNPs

Sequence-Based Differences



Canonical CharactersCanonical Characters
• A phylogenetic character (such as a 

SNP) that defines an evolutionary point.

• In practice, SNPs are chosen to 
represent a whole groups of SNPs that 
mark a common phylogenetic branch.

• A phylogenetic character (such as a 
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World Wide B. anthracis
Canonical SNPs

Marking major branches
and specific strains

AmesAmes

KNPKNP

FrenchFrench
CC

NANA--11



Ames-Specific RT-PCR
b)a)



B. anthracis PHRANA (1067 isolates)B. anthracis PHRANA (1067 isolates)

Canonical SNPs MLVA-15 SNR-4

(208 GTs)(208 GTs) (476 GTs)(476 GTs)



Single Colony

Mutational Rate
Estimation

Mutational Rate
Estimation

10 Transfers X 96 lineages = 2.0 x 104 Generations10 Transfers X 96 lineages = 2.0 x 1010 Transfers X 96 lineages = 2.0 x 1044 GenerationsGenerations



Mutation Rate ModelsMutation Rate Models
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Anthrax Letter Attacks





• 15 VNTR Analysis
• 269 Isolates
• 47 genotypes

57
NA-1

136
NA-1

North
America
Anthrax

North
America
Anthrax

Matt Van Ert
unpublished

AI.a



Molecular Forensics Analysis
Testimony in Court

Molecular Forensics Analysis
Testimony in Court

• “A match – Inclusion”
– Failure to exclude, could be the source.

• “Exclusion”
– Very different and unlikely the same.

• “Kind of Close?”
– Maybe yes? Maybe no?
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CollaboratorsCollaborators
• TIGR
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Research FundingResearch Funding
Dept. of Homeland SecurityDept. of Homeland Security

BioBio--ChemChem CountermeasuresCountermeasures

Department of JusticeDepartment of Justice
Federal Bureau of InvestigationFederal Bureau of Investigation

National Institutes of HealthNational Institutes of Health
Pathogen Evolution Pathogen Evolution --NIGMSNIGMS
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